A bstract. Gross changes in protein and nucleic acid were studied in germinating wheat seeds. The nucleic acid fraction was separated on columns of methylated albumin-keiselguhr. It was found that more than 50 N% of the transfer RNA was lost from the emnbryo in the first 10 to 15 hours of germination. This was followed by a period of rapid resynthesis of transfer RNA, to the normal level at about 20 hours. The decline and increase in transfer RNA was accompanied by a change in the ratios of certain amino acid acceptor species. Evidence is also presented that an embryo ribonuolease is lost during the first 10 to 15 hours, followed by the appearance of a second seedling ribonuclease between 15 and 30 hours of germination.
The wheat seed embryo is a partially developed but dormant multicellular structure which undergoes rapid differentiation and growth upon imbibing water. In the first 20 to 30 minutes after exposure to water, the embryos increase their fresh weight by 120 % (1) . During the first 48 hours of germination soluble nucleotides increase 15-fold in the embryo (2) . Protein synthesis, as measured by 1-4C-leucine uptake, begins to occur within the first 60 minutes of inbibition (1) , and new enzyme activities can be detected after 12 hours of germination (3) .
WNe have studied the changes of macromolecules during wheat seed germination, with the aim of deducing some of the molecular events accompanying differentiation. In this paper we report the changes in total protein and nucleic acids which occur during the first 5 days of germination. We have found that the amount of transfer RNA per embryo decreases during the first 15 hours, and then regains its normal level after about 20 hours. We discuss the possible implications of these changes in the development of the seedlings.
Materials and Methods
The organism studied was Triticutn aestivumn (var. Pawnee). Pawnee wheat seed was obtained from the Champaign County Seed Company, Incorporated, Champaign, Illinois. Non-germinated embryos were isolated by the method of Johnston and Stern (4) . The seeds were germinated on paper towels wet with water containing 100 Eight g of powdered embryos were blended in 20 ml of 0.5 M sucrose, 5 mtn MgCl2, 2 mm CaCl2, 50 mM tris-Cl pH 7.6, 6 mm 2-mereaptoethanol and, after repeated low speed centrifugations, the extract was centrifuged at 50,000 rpm in a Spinco ultracentrifuge for 2 hours and the pellet discarded. The supernatant fluid was dialyzed against 20 mm sodium phosphate buffer pH 7.7 plus 6 mm 2-mercaptoethanol (starting buffer), then loaded onto a DEAEcellulose column. After washing with starting buffer, the aminoacyl-RNA svnthetase fraction was eluted with buffer containing 0.5 M NaCl. The enzyme fraction was dialyzed against 0.01 M tris-Cl pH 7.5 plus 10-3 M reduced glutathione and frozen in 10 % glycerol.
The In 'Vitro Ambioacvlatioii of tRNA. The following reaction mixture was found to be best for the in vitro aminoacvlation of wheat tRNA with wheat emibryo aminoacvl-RNA synthetase: 2 X 10-mmoles '-C amino acid, 10 to 1000 ug sRNA, 0.1 to 2.0 mg protein (aminoacyl-RNA synthetase fraction), 100 yumoles tris-Cl, pH 8.0, 10 ,umoles MgCl2, 10 ,umoles ATP, 0.3 Mtmole CTP. and 2 ,moles GSH, in 1.0 ml volume. Doubling the concentration of MgCl,, adding 10 ,umoles KCl or adding 10-4 M 2-mercaptoethanol had no effect on the charging of L-leucine. The saturating concentration of amino acid was determined to be 15 X 10-mmoles/ml for L-leucine.
The optimal concentration for ATP, without an ATP generating system, was found to be 10 jumoles/ ml. RNA (rRNA) species paralleled those found for the total RNA of the seedlings (fig 2) .
In contrast to the patterns for rRNA the sRNA of the embryo showed a decrease (on a ug/embryo basis) during the first 12 hours and regained its initial value during the following 2 hours (fig 4) figure 4 but are also reflected in the ratios of each of these 3 aminoacvl-tRNA's during the fall-rise period (table II) . In a separate report we have shown that there are structural modifications in the transfer RNA's for valine, lysine, and proline during wheat seedling development (9) .
Chantges in Ribonuclease Activity During Germination. In parallel with the experiments on the transfer RNA, and because of the decrease in amount of tRNA, the RNAse activity was studied as a function of germination time. Figure 5 shows that the specific activity of ribonuclease decreases during the first 10 to 15 hours of germination and then inereases. The curve may indicate the presence of 2 ribonuclease activities; one decreasing as germination begins and another increasing. We therefore studied the characteristics of the RNAse activities from zero hour embryo and seedlings.
RNAses from both embryos and seedlings have a temperature optimum between 300 and 400 and have a pH optimum in the acidic range. However, the pH optimum of zero hour embryos is near 5.0 and that of 40 hour seedlings is nea,r 5.5 ( fig 6) . It was also found that the enzyme activity of seedlings is less sensitive to heat inactivation than that from embryos. The heat sensitivity of zero hour RNAse made possible the following estimation of the anmount of seedling RNAse at various times during germination. Homogenates were made after 0, 15, and 36-hours of germination and frozen. After thawing, the homogenates were centriftuged and the clarified supernatant wvas divided into 2 portions. One half was heated at 50°for 1 hour while the other half was kept on ice. The 2 samples were then tested for RNAse activity. The results are given in table III. It is obvious from the table that the ratio of heat stable enzyme to heat inactivated enzyme increases during germination. Since the activitv in the unheated sample represents the sum of 2 RNAse activities and the activity in the heated sample just represents one of these, ratios (12 and 13) . If such long lived messenger RNA is present in the germinating wheat system, then it is possible that the change in the tRNA population is related to a translation level of the control of protein synthesis (14, 15) . If groups of messenger RNA's began with a common codon sequence recognized bv a regulatory tRNA anticodon, translational control by tRNA could provide a mechanism, analogous to that suggested for histones, to inactivate or activate a population of messenger RNA's simultaneously.
